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(57) ABSTRACT 

A temperature compensation apparatus for controlling an 
output poWer of a laser diode according to a temperature 
variation of the laser diode, and a method therefor. An error 
voltage betWeen a voltage corresponding to the output 
poWer of the laser diode and a reference voltage is gener 
ated. The error voltage is output as a control voltage 
corrected based on the output poWer and is applied to the 
laser diode. When the level of the error voltage over?oWs or 
under?oWs in a ?rst up/doWn counter, the control voltage 
based on the luminous ef?ciency of the laser diode is output 
by applying the corrected control voltage to the laser diode 
While interlocking the ?rst up/doWn counter With a second 
up/doWn counter. Accordingly, it is possible to stabilize the 
luminous ef?ciency and reduce control error of the laser 
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APPARATUS AND METHOD FOR 
COMPENSATING FOR TEMPERATURE OF 

LASER DIODE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Korean 
Application No. 68345/97, ?led Dec. 12, 1997, in the 
Korean Patent Of?ce, the disclosure of Which is incorporated 
herein by reference. 

[0002] This application is a Continuation of application 
number 09/099,066, ?led Jun. 16, 1998, noW pending. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to an apparatus and a 
method for compensating for the temperature of a laser 
diode in an optical disk ?eld, and more particularly, to an 
apparatus and a method for compensating for the tempera 
ture of a laser diode in Which output poWer changes accord 
ing to the variation of the temperature. 

[0005] 2. Description of the Related Art 

[0006] It is possible to read information from a disk 
Without error only When light is stably emitted from a laser 
diode. This is achieved by controlling a luminous ef?ciency 
Which changes according to the variation of the temperature 
of a narroW-Wavelength laser diode in an optical disk ?eld. 
Accordingly, it is possible to heighten the reliability of an 
optical recording and reproduction system. 

[0007] FIG. 1 is a block diagram shoWing a conventional 
temperature compensation apparatus of a laser diode. In 
FIG. 1, the output of a laser diode 11 is converted into a 
voltage signal by a photodiode 12. An ampli?er 13 ampli?es 
a very loW voltage output from the photodiode 12 to a signal 
level. Avoltage comparator 14 compares the voltage ampli 
?ed by the ampli?er 13 With a reference voltage, and 
generates an error signal. Here, the reference voltage is 
generated by a reference voltage generator 15 and is previ 
ously set. 

[0008] An up/doWn counter 16 up-counts (“increments”) 
and doWn-counts (“decrements”) based upon the compari 
son of the error signals and generates an error voltage by 
correcting the error signal. A digital-to-analog converter 17 
converts the corrected error voltage into an analog voltage 
signal. A current ampli?er 18 converts the analog voltage 
signal into a current signal for driving the laser diode 11 and 
applies the current signal to the laser diode 11. The output 
poWer of the laser diode 11 is controlled by continuously 
performing such an operation. 

[0009] HoWever, it is hard to control the variation of the 
optical output of the laser diode due to temperature by using 
only the up/doWn counter 16, since the variation of the 
temperature is severe in the narroW-Wavelength laser diode. 
Therefore, it is impossible to compensate for the variation of 
the optical output by the conventional apparatus shoWn in 
FIG. 1. 

SUMMARY OF THE INVENTION 

[0010] To solve the above problem, it is an object of the 
present invention to provide a temperature compensation 
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apparatus of a laser diode in Which it is possible to reduce 
a control error by extending the range of the control voltage 
of the laser diode, considering deterioration due to the 
variation of the temperature of the laser diode. 

[0011] It is another object of the present invention to 
provide a temperature compensation method of a laser 
diode, for stabiliZing a luminous ef?ciency by extending the 
range of the control voltage of the laser diode, considering 
the deterioration due to the variation of the temperature of 
the laser diode. 

[0012] Additional objects and advantages of the invention 
Will be set forth in part in the description Which folloWs and, 
in part, Will be obvious from the description, or may be 
learned by practice of the invention. 

[0013] Accordingly, to achieve the ?rst and other objects 
of the present invention, there is provided a temperature 
compensation apparatus of a laser diode, for controlling the 
output poWer of a laser diode according to the variation of 
a temperature of the laser diode, including a ?rst generator 
to generate an error voltage betWeen a voltage correspond 
ing to the output poWer of the laser diode and a reference 
voltage and a second generator to generate a corrected 
control voltage by receiving the error voltage, based on the 
output poWer and to output the corrected control voltage to 
the laser diode for a predetermined period of time When the 
error voltage over?oWs or under?oWs. 

[0014] To achieve the second and other objects of the 
present invention, there is provided a temperature compen 
sation method of a laser diode, for controlling the output 
poWer of a laser diode according to a temperature change of 
the laser diode, including the steps of (a) generating an error 
voltage betWeen a voltage corresponding to the output 
poWer of the laser diode and a reference voltage and (b) 
generating a control voltage by correcting the error voltage 
based on the output poWer and extending the range of a 
control voltage by outputting a corrected control voltage to 
the laser diode for a predetermined period of time When the 
level of the error voltage over?oWs or under?oWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above objectives and advantages of the present 
invention Will become more apparent by describing in detail 
a preferred embodiment thereof With reference to the 
attached draWings, in Which: 

[0016] FIG. 1 is a block diagram of a conventional 
temperature compensation apparatus of a laser diode; 

[0017] FIG. 2 is a block diagram of a temperature com 
pensation apparatus of a laser diode, according to an 
embodiment of the present invention; 

[0018] FIGS. 3A to 3C describe an operation of the 
apparatus shoWn in FIG. 2 When a luminous ef?ciency of the 
laser diode rises; and 

[0019] FIGS. 4A to 4C describe an operation of the 
apparatus shoWn in FIG. 2 When the luminous ef?ciency of 
the laser diode falls. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0020] Reference Will noW made in detail to the present 
preferred embodiments of the present invention, examples 
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of Which are illustrated in the accompanying drawings. The 
embodiments are described below in order to explain the 
present invention by referring to the ?gures. 

[0021] FIG. 2, is a block diagram of a temperature com 
pensation apparatus according to an embodiment of the 
present invention, in Which tWo up/doWn counters 106 and 
109 and tWo digital-to-analog (D/A) converters 107 and 110 
are used, While one up/doWn counter and one digital-to 
analog converter are used in the conventional technology. 
Other neW elements include an adder 111 for adding the 
output of the ?rst digital-to-analog converter 107 to that of 
the second-to-analog converter 110, and an under?oW and 
over?oW (“00” and “FF”) detector (referred to as a “detec 
tor”108, hereinafter) for detecting When the ?rst up/doWn 
counter 106 under?oWs or over?oWs. 

[0022] The operation of the apparatus shoWn in FIG. 2 
Will noW be described. 

[0023] When a laser diode 101 emits light, a very loW 
voltage corresponding to a received light signal received 
from the laser diode 101 by a photodiode 102 is ampli?ed to 
a signal level by an ampli?er 103. Avoltage comparator 104 
compares the output voltage of the ampli?er 103 With a 
reference voltage 105 and applies an error signal to the ?rst 
up/doWn counter 106. The ?rst up/doWn counter 106 
upcounts (“increments”) and doWn-counts (“decrements”) 
based upon the comparison of the error signal and applies a 
corrected error voltage to the ?rst digital-to-analog converter 
107 and the detector 108. 

[0024] During normal operation in Which the ?rst up/doWn 
counter 106 does not under?oW or over?oW, the second 
up/doWn counter 109 applies a predetermined uniform value 
(an initial value is “80”) to the adder 111 through the second 
digital-to-analog converter 110. The uniform value is 
reneWed (“updated”) When the under?oW or over?oW is 
generated. 

[0025] The adder 111 adds the corrected error voltage, 
supplied from the ?rst up/doWn counter 106 through the ?rst 
digital-to-analog converter 107, to the voltage correspond 
ing to the uniform value supplied from the second up/doWn 
counter 109 through the second digital-to-analog converter 
110. A current ampli?er 112 applies a drive current corre 
sponding to the sum voltage from the adder 111 to the laser 
diode 101, to control the output poWer of the laser diode 101. 

[0026] MeanWhile, When the ?rst up/doWn counter 106 
under?oWs (“00”) or over?oWs (“FF”) due to a temperature 
variation of the laser diode 101, the detector 108 generates 
a ?ag and applies it to the ?rst and second up/doWn counters 
106 and 109. At this time, the second up/doWn counter 109 
is enabled according to the ?ag supplied from the detector 
108. The ?rst up/doWn counter 106 begins a count operation 
for performing a correction mode different from a normal 
mode, according to the ?ag supplied from the detector 108. 
The ?ag can be referred to as a detection signal. 

[0027] Additionally, in the conventional technology, When 
the up/doWn counter under?oWs or over?oWs due to the 
temperature variation of the laser diode, the up/doWn 
counter stops operating and turns off the system. 

[0028] When an under?oW occurs, in Which the count 
value (referred to as “?rst count value”, hereinafter) of the 
?rst up/doWn counter 106 becomes “00,” the ?rst up/doWn 
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counter 106 counts up to a predetermined offset value (here, 
“80”). At the same time, the second up/doWn counter 109 
begins doWn counting from a predetermined value (an initial 
value is “80”), continuously performs doWn counting until 
the ?rst count value becomes the offset value (“80”). Once 
the ?rst count value becomes the offset value (“80”), the 
second up/doWn counter 109 maintains its count value until 
the under?oW or over?oW occurs again. 

[0029] Namely, the second up/doWn counter 109 begins 
doWn counting from a predetermined value (an initial value 
is “80”) When the ?rst count value under?oWs, stops doWn 
counting When the ?rst count value becomes the offset value 
(“80”), maintains the value at Which the counting stopped, 
and performs doWn counting or up counting from the 
maintained value When the ?rst count value under?oWs or 
over?oWs again. 

[0030] When an over?oW occurs, in Which the ?rst count 
value becomes “FF”, the ?rst up/doWn counter 106 performs 
doWn counting to a predetermined value (an initial value is 
“80”). At the same time, the second up/doWn counter 109 
begins up counting from the offset value (“80”), and con 
tinues up counting until the ?rst count value becomes the 
offset value (“80”). Once the ?rst count value becomes the 
offset value (“80”), the second up/doWn counter 109 main 
tains its value, until the over?oW or under?oW occurs again. 

[0031] The second digital-to-analog converter 110 con 
verts the output of the second up/doWn counter 109 into an 
analog signal. The adder 111 adds the output of the ?rst 
digital-to-analog converter 107 to that of the second digital 
to-analog converter 110. The current ampli?er 112 converts 
the sum voltage into a current signal to drive the laser diode 
101. While the second up/doWn counter 109 operates due to 
the ?rst up/doWn counter 106 over?oWing or under?oWing, 
the output of the adder 111 alWays has a uniform voltage. 
The laser diode 101 is driven by the uniform control voltage. 
At this time, the ?rst up/doWn counter 106 performs up 
counting or doWn counting until the ?rst count value 
becomes the offset value (“80”). 

[0032] FIGS. 3A through 3C Will be explained in relation 
to FIGS. 4A through 4C to aid in the explanation of the 
operation of the temperature compensation apparatus of the 
present invention. 

[0033] FIGS. 3A through 3C describe the operation of 
the ?rst and second up/doWn counters 106 and 109 and a 
control voltage applied to the current ampli?er 112 for 
driving the laser diode 101, When the luminous efficiency of 
the laser diode 101 rises. 

[0034] As shoWn in FIG. 3A, When the ?rst up/doWn 
counter 106 under?oWs (“00”), namely, the temperature of 
the laser diode 101 falls and the luminous ef?ciency rises, 
the second up/doWn counter 109 performs doWn counting 
from the offset value (“80”) as “7F, 7E, 7D, . . . ” as shoWn 

in FIG. 3B. At the same time, the ?rst up/doWn counter 106 
performs up counting as “01, 02, 03, . . . ” as shoWn in FIG. 
3A. When the count value of the ?rst up/doWn counter 106 
reaches “80,” the second up/doWn counter 109 stops doWn 
counting. Only the ?rst up/doWn counter 106 continuously 
operates for stabiliZing the luminous ef?ciency of the laser 
diode 101. 

[0035] When the ?rst up/doWn counter 106 under?oWs, 
the output of the ?rst up/doWn counter 106 is added to that 



US 2001/0048696 A1 

of the second up/doWn counter 109 by the adder 111, to 
obtain a uniform corrected control voltage shoWn in FIG. 
3C, Which is applied to the current ampli?er 112. 

[0036] FIGS. 4A through 4C describe the operation of 
the ?rst and second up/doWn counters 106 and 109 and the 
control voltage applied to the current ampli?er 112 for 
driving the laser diode 101, When the luminous ef?ciency of 
the laser diode 101 falls. 

[0037] When the ?rst up/doWn counter 106 over?oWs 
(“FF”), namely, When the temperature of the laser diode 101 
rises and the luminous ef?ciency falls, the second up/doWn 
counter 109 performs up counting as “81, 82, 83, . . . ” from 

the offset value (“80”) as shoWn in FIG. 4B. At the same 
time, the ?rst up/doWn counter 106 performs doWn counting 
as “FE, FD, FC, . . . ” as shoWn in FIG. 4A. When the count 

value of the ?rst up/doWn counter 106 reaches “80”, the 
second up/doWn counter 106 stops up counting. Only the 
?rst up/doWn counter 106 continuously operates for stabi 
liZing the luminous efficiency of the laser diode 101. 

[0038] When the ?rst up/doWn counter 106 over?oWs, the 
output of the ?rst up/doWn counter 106 is added to that of the 
second up/doWn counter 109 by the adder 111, to obtain a 
uniform corrected control voltage shoWn in FIG. 4C, Which 
is applied to the current ampli?er 112. 

[0039] Therefore, in the present invention, the range of the 
control voltage is eXtended and the control error is reduced, 
due to the addition of the second up/doWn counter 109, the 
detector 108, and the second digital-to-analog converter 110. 

[0040] The present invention can be constructed using 
various bit resolutions. HoWever, an eight bit structure is 
preferable, considering manufacturing costs. 

[0041] According to the present invention, it is possible to 
generate a control voltage based suf?ciently on the luminous 
ef?ciency of a laser diode, thus providing a stabiliZed 
luminous ef?ciency and loWer control error of the laser 
diode. 

What is claimed is: 
1. Atemperature compensation apparatus of a laser diode, 

for controlling an output poWer of the laser diode according 
to a variation of a temperature of the laser diode, compris 
mg: 

a ?rst generator to generate an error voltage betWeen a 
voltage corresponding to the output poWer of the laser 
diode and a reference voltage; and 

a second generator, to generate a control voltage in 
response to the error voltage, and to output, upon the 
variation in temperature of the laser diode, a corrected 
control voltage to the laser diode for a predetermined 
period of time. 

2. The apparatus of claim 1, Wherein the predetermined 
period of time ends When a counter up-counting and doWn 
counting based upon the temperature of the laser diode 
becomes a predetermined offset value. 

3. A temperature compensation method of controlling an 
output poWer of a laser diode according to a temperature 
variation thereof, comprising: 

generating an error voltage betWeen a voltage correspond 
ing to the output poWer of the laser diode and a 
reference voltage; and 
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generating a control voltage by correcting the error volt 
age based on the output poWer and upon the variation 
in temperature of the laser diode extending a range of 
the control voltage by outputting a corrected control 
voltage to the laser diode for a predetermined period of 
time. 

4. The method of claim 3, Wherein said generation of the 
control voltage comprises: 

generating a ?rst count value corresponding to the error 
voltage corrected based on the output poWer, the ?rst 
count value representing the variation in temperature of 
the laser diode, and up and doWn counting the ?rst 
count value to change the corrected error voltage 
according to a detection signal; 

detecting Whether the ?rst count value over?oWs or 
under?oWs and generating the detection signal in 
response to the ?rst count value over?oWing or under 
?oWing; 

performing doWn and up counting of a second count value 
according to the detection signal, in a reverse order to 
that of the ?rst count value in said generation of the ?rst 
count value; 

generating the control voltage based on the corrected error 
voltage, and adding the ?rst count value to the second 
count value When the ?rst count value over?oWs or 
under?oWs, Which represents the variation in the tem 
perature of the laser diode, to generate the control 
voltage responsive to the temperature variation as a 
uniform value. 

5. The method of claim 4, Wherein said generation of the 
?rst count value comprises up counting the ?rst count value 
to a predetermined offset value according to the detection 
signal When the ?rst count value under?oWs, and doWn 
counting the ?rst count value to the offset value When the 
?rst count value over?oWs. 

6. The method of claim 5, Wherein said generation of the 
control voltage comprises doWn counting the second count 
value from a ?rst predetermined value until the ?rst count 
value becomes the offset value and then maintaining the 
doWn counted second count value as a ?rst value, When the 
?rst count value under?oWs, and up counting the second 
count value from a second predetermined value until the ?rst 
count value becomes the offset value and then maintaining 
the up counted second count value as a second value, When 
the ?rst count value over?oWs, according to the detection 
signal. 

7. A drive apparatus to drive a laser diode, comprising: 

a light detector to detect an output poWer of the laser 

diode; 

a ?rst generator to compare a poWer voltage correspond 
ing to the output poWer detected by said light detector 
With a predetermined voltage, to generate an error 
voltage; and 

a drive signal generator to generate a drive voltage based 
upon the error voltage While a luminous ef?ciency of 
the laser diode is Within a predetermined range, and to 
generate the drive voltage as a uniform corrected error 
voltage for a predetermined amount of time in response 
to the luminous efficiency being outside the predeter 
mined range. 
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8. The drive apparatus as claimed in claim 7, wherein said 
drive signal generator comprises: 

a ?rst counter to count a ?rst count value responsive to the 
error voltage until under?oWing or over?owing, and up 
counts or doWn counts the ?rst count value in response 
to under?oWing or over?oWing, respectively; 

a second counter to generate a second count value as a 
predetermined uniform value While the ?rst count value 
is not under?oWing or over?oWing, and to perform a 
doWn counting or an up counting of the second count 
value simultaneously With the up counting or the doWn 
counting of the ?rst count value in response to the ?rst 
count value under?oWing or over?oWing, respectively; 

a detector to detect Whether the ?rst count value is 
under?oWing or over?oWing and to inform the ?rst 
counter and the second counter of the under?oWing or 
over?oWing; 

an adder to add the ?rst count value and the second count 
value, to generate a summed value as the uniform 
corrected error voltage; and 

an ampli?er to generate a current signal to drive the laser 
diode based upon the summed value. 

9. The drive apparatus as claimed in claim 8, Wherein: 

the ?rst counter up counts the ?rst count value from a ?rst 
initial value to an offset value and doWn counts the ?rst 
count value from a second initial value to the offset 
value in response to the ?rst count value under?oWing 
or over?oWing, respectively; and 

the second counter up counts from a third initial value 
While the ?rst counter doWn counts the ?rst count value 
and doWn counts from a fourth initial value While the 
?rst counter up counts the ?rst count value. 

10. The drive apparatus as claimed in claim 9, Wherein the 
third and fourth initial values are equal to the offset value. 

11. The drive apparatus as claimed in claim 9, Wherein the 
?rst initial value is “00,” the second initial value is “FF,” and 
the third and fourth initial values and the offset value is “80”. 

12. The drive apparatus as claimed in claim 8, further 
comprising: 

a ?rst digital-to-analog converter to convert the ?rst count 
value to a ?rst analog signal; and 

a second digital-to-analog converter to convert the second 
count value to a second analog signal; 

Wherein said adder adds the ?rst and second analog signal 
to generate the summed value. 

13. The drive apparatus as claimed in claim 8, Wherein: 

the ?rst counter continuously counts the ?rst count value 
subsequent to the predetermined amount of time; and 

the second counter maintains the second count value at a 
?Xed value subsequent to the predetermined amount of 
time. 

14. The drive apparatus as claimed in claim 9, Wherein: 

the ?rst counter continuously counts the ?rst count value 
from the offset value subsequent to the predetermined 
amount of time based upon the error voltage until a 
subsequent over?oWing or under?oWing of the ?rst 
count value; and 
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the second counter maintains the second count value at a 
current ?Xed value subsequent to the predetermined 
amount of time until the subsequent over?oWing or 
under?oWing of the ?rst count value. 

15. A drive apparatus to drive a laser diode, comprising: 

a light detector to detect an output poWer of the laser 
diode; 

a ?rst generator to compare a poWer voltage correspond 
ing to the output poWer detected by said light detector 
With a predetermined voltage, to generate an error 
voltage; and 

a ?rst counter to generate a ?rst count value based upon 
the error voltage until under?oWing or over?oWing and 
then up counting or doWn counting the ?rst count value 
in response to the under?oWing or over?oWing, respec 
tively; and 

a correction control voltage unit to add an additional value 
to the ?rst count value to generate a summed value as 
a uniform corrected error voltage for a predetermined 
amount of time in response to the laser diode having 
luminous ef?ciency outside of a predetermined range; 

Wherein the additional value is a ?rst uniform value While 
the ?rst count value is based upon the error voltage and 
the summed value is a second uniform value While the 
?rst count value is up counted or doWn counted. 

16. The drive apparatus as claimed in claim 15, Wherein 
the correction control voltage unit comprises: 

a second counter to generate the ?rst uniform value While 
the ?rst count value is based upon the error voltage, and 
up counts and doWn counts from an initial value in a 
reverse order from the up counting and the doWn 
counting of the ?rst count value in response to the ?rst 
count value under?oWing or over?oWing, Which indi 
cates that the luminous ef?ciency of the laser diode is 
outside the predetermined range. 

17. A drive apparatus to drive a laser diode, comprising: 

a light detector to detect an output poWer of the laser 
diode; and 

a drive signal generator to generate a ?rst drive signal in 
response to the output poWer of the laser diode While 
the laser diode has a luminous efficiency Within a 
predetermined range, and to generate a second drive 
signal of a uniform value for a predetermined amount 
of time in response to the laser diode having the 
luminous efficiency outside of the predetermined range. 

18. The drive apparatus as claimed in claim 17, Wherein 
said drive signal generator comprises a counter to count a 
?rst count value in response to the output poWer of the laser 
diode and indicating that the luminous efficiency of the laser 
diode is Within or outside the predetermined range based 
upon Whether the ?rst count value is not under?oWing, 
over?oWing, or under?oWing or over?oWing, respectively. 

19. A method of driving a laser diode, comprising: 

driving the laser diode With a drive signal; 

detecting an output poWer of the laser diode; 

determining Whether the laser diode has a luminous 
efficiency Within a predetermined range; and 
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outputting the drive signal based upon the output poWer 
While the luminous ef?ciency is Within the predeter 
mined range and outputting the drive signal as a 
uniform value for a predetermined time if the luminous 
ef?ciency is outside of the predetermined range. 

20. The method as claimed in claim 19, Wherein said 
determining comprises: 

up counting or doWn counting a ?rst count value based 
upon the output poWer of the laser diode; and 

determining Whether the ?rst count value is over?owing 
or under?oWing; and 

determining that the luminous ef?ciency is Within the 
predetermined range if the ?rst count value is not 
over?oWing or under?oWing and that the luminous 
ef?ciency is outside the predetermined range if the ?rst 
count value is over?oWing or under?oWing. 

21. The method as claimed in claim 20, Wherein said 
outputting comprises: 
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generating a uniform second count value While the ?rst 
count value is not over?oWing or under?oWing; 

up counting the ?rst count value if the ?rst count value is 
under?oWing and doWn counting the ?rst count value if 
the ?rst count value is over?oWing; 

up counting or doWn counting the second count value 
simultaneously With the doWn counting or upcounting 
of the ?rst count value in a reverse order to the doWn 
counting or upcounting of the ?rst count value in 
response to the ?rst count value under?oWing or over 
?oWing; 

adding the ?rst and second count values to generate a 
summed value as the uniform value; and 

generating the drive signal based upon the summed value. 


